
02 DISCUSSION ON THE IVIVITHAM VIinutes of 

Discussion. 
‘k. Williams. 3h. J. EVELYX T.~ILLIAMS said that on the con1pletion  of the 

new  channel to Clayhole,  which  not  only  dried the  sills of the 
Hobhole Sluice, but effected a  depression of 5 feet G inches in  the 
low-water level at  that point, it became evident  that before the 
fourth  district of the  Witham  drainage,  nearly 74,000 acres,  could 
obtain the  full benefit of the new  outfall  channel, an enlarged and 
lower outlet at  Hobhole  Sluice  was  absolutely necessary. The 
General Commissioners accordingly  applied to  Parliament,  and 
obtained the necessary  powers  under the “ Witham  Drainage Ad,  
1887.” This Act  enabled the Co~nmissioners to  apply  the  surplus 
funds of the  fourth  district, acquired  under the “ Witham Outfdl 
Improvement  Act, 1880,” to the purposes of the works, so that no 
drainage taxes  were  levied to meet the  expenditure  incurred in 
constructing  the  additional  and lower  outlet at  Hobhole. He  had 
just  carried  out  that work, and as the  sill was 3 feet  lower than  the 
sills of the old sluice, the  result was that a large  area of low land 
had now for the  first  time  natural  drainage,  and  the pumping- 
engines at  Lade  Bank, which  indicate& 400 HP., erected  under the 
Act of 1867, had  practically become so much power in reserve. 

fr. Hawk- Mr. J. CLARKE HAWKSHAW thought every  engineer  who  had had 
haw. 

anything  to do with  the  Witham,  must be gratified at  seeing the 
new  outfall  carried  out at  last. The old saying, of putting  the 
cart before the horse, could now no longer be applied to the works 
on the Witham. It was not  the  fault of engineers that  this 
great improvement had  not  been carried out before.  Mr. Lewin, in 
his  report in 1860, said that  the  matter  had  then been  under 
agitation for one hundred  and  twenty years. The reason why  this 
new  outfall  had  not  been made  before was  a consequence of the 
divided  jurisdiction  which  existed on the  river. In a Paper, on 
river-control and management,  which  he had read before the 
British Association at  Belfast, he  quoted the  Witham as an example 
of a river  where  such  divided  jurisdiction existed. In   that  Paper 
he described in some detail  the  jurisdiction of seventeen prin- 
cipal  sets of conunissioners  who  ruled  on the  Witham, between 
Grantham  and Lincoln, and  the  Trent  and Boston. He  knew  the 
district  pretty well himself. When  Sir  John  Hawkshaw was 
called upon to  report on the  drainage of the  Witham  in 1877, 
Mr.  Clarke  Hawkshaw  had  spent some weeks there  with Mr. 
Vernon-Harcourt,  and  he  traversed  nearly  the  whole  district 
on foot, mapping  out  the  area  that was flooded at  the time. I n  
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January of that year  there  were  about 40,000 acres  under Illr. Hawk- 
water,  including  nearly 100 acres of the  city of Lincoln, parts of 
which were flooded to the  del'th of 3 feet. He did  not  know 
of any work  which would tend more to  prevent  such  a  disaster 
occurring in  future  than  the  new outfall.  As  early as 1861, his 
father hac1 recommended it, and  had  always  referred  to it in 
subsequent  reports as one of the  greatest improvements that could 
be  carried out. He  thought  the  Author  was to  be  congratulated 
that it should  have  fallen to his lot  to carry  out such an important 
work,  which  engineers had been trying to get done for nearly one 
hundred  and  fifty years. 

the work described in  the  Paper  had been three-fold. First,  the Hartley* 
navigable  channel of the  Witham  outfall  had been  deepened 8 
feet by dredging, so that  there was  now  a  minimum  depth of 
23 feet a t  high-water of spring-tides, and of IG feet at high- 
water of neap-tides, over  a  minimum width of 100 feet  through- 
out the 7 miles of improved  channel  between Boston and  the 
sea. Secondly, the  drainage of a large area of the fen  lands  had 
been very  materially benefited by  the widening of a  reach of 
12 miles, immediately above the Grand Sluice, by  the  enlargement 
and lowering of the  Grand Sluice  itself, and  by  the depression 
acquired in  the low-water level of the  three sea sluices  between the 
Grand  Sluice and  the head of the new cut  at Hobhole. Lastly, 
and this  was a highly  interesting  fact, the accumulation of deposit 
by  the  tides below the Grand  Sluice had become  almost inappreci- 
able  since the completion of the works. These gratifying  results 
afforded a striking  illustration of the  great advantages  to be gained, 
both  as  regarded  improved  drainage and navigation, by commencing 
the correction of a tidal  river of the  Witham  type  at  the sea outfall, 
and by carrying  the low-water level of spring-tides as far  inland  as 
practicable; that was  to  say, as far up-stream as  the cost  of the 
work would  seem to be justified by  the  attainment of the  end in  
view. The Author  had made no mention of the changes  which 
had  taken place in  the bed of the  Estuary  at Clayhole since the 
completion of the new  cut. It wouId  be interesting  to learn' 
from him  the importance of the changes. For  his own part, Sir 
Charles Hartley  was of opinion that, to perpetuate  the improve- 
ments  already effected, it would be necessary to prolong the  banks 
of the new  channel seawards, from time  to  time, to keep pace with 
the advance of newly formed sandbanks at  the mouth of the  river, 
and  to ensure the free flow of the ebb current  into deep water. 
He desired to express his  admiration of the  skill  and  energy 

Sir CHARLES  A. HARTLEP, K.C.N.G., observed that  the results of Sir Charles 
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ir Charles displayed by  the  Author  in  the  rapid execution oi" a difficult and 
[artley. important work a t  a  comparatively  small cost. 

[arcourt. 
fr. Vernon- Mr. L. F. VERNOS-HARCOURT observed t.hat  he  had  had  the oppor- 

tunity, as Mr. Clarke  Hawkshaw  had  remarked, of making  an 
intimate acquaintance with  the  Withanl  in 1877, and he  also 
had  the  advantage of seeing the works dnring  their construction 
in  1883, and of going  into  the  new  cut  when  the excavators were 
a t  work, and  through  which  the  river now  flowed. It was not  the 
first time  that  the question of the  Witham  had come  before the 
Institution, for twenty  years ago there was  a discussion upon 
it, and  in  that discussion the  two chief  points discussed were 
the question of the removal of the  Grand Sluice, and  the  outfall 
cut which  had now  been  made. There were  considerable  diffi- 
culties in connection with  the question of t.he removal of a sluice 
which  had once  been established.  There was the difficulty of 
arranging about the levels of the  water,  the adequate strengthening 
and raising  the  banks  along each  side to secure the la.nd against 
an inroad of the sea, and of introducing  a  large  amount of t,idal 
water  into a part where the  tidal  water  had been excluded;  and 
it would  seem that it was the more natural  thing  to  carry  out  the 
enlargement of the  Grand Sluice. The  great difficulties under 
which  the  Witham  had  always labonred, had  been the small 
amount of fall from  Lincoln  down to  the  Grand Sluice, and  the 
impeded  shallow shifting  channel towards the sea. It was  im- 
possible to get a greater  fall  along  that  part of the  Witham  than 
4 inches in  the mile right down  from Lincoln. Above Lincoln 
there  was a  greater  fall,  therefore the mater carne  down to Lincoln 
more rapidly ; and  in Lincoln  itself, at  the present time, there was a 
great contraction of the channel  and considerable obstruction  to the 
escape of the flood-waters. It was above and a little below Lincoln 
that  the chief  flooding  occurred in  the  winter of  1876-7, as de- 
scribed by him in a discussion on  the " Conservancy of  Rivers," 1 

in  1881. At  that time Sir John Hawksham proposed, amongst 
other means, to make  a  cut,  away from the present  channel through 
Lincoln,  along some waste land  which could  be got  outside  Lincoln, 
for carrying  the flood-waters of the  Brant  and of the  Witham down 
to  the  South Delph, which  was  an  artificial  cut,  carrying  the 
clrainage waters of the Wit,ham.  Another  defect in  the Withan1 was 
that  the fresh  water,  which would naturally go down the  main 
stream, was,  from the necessities of drainage,  diverted to several 
sluices and drains,  such as the Hobhole, the  Xand Foster, and  the 

Minutes of Proceedings Inst. C.E., vol. Isvii. p. 283. 
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Black Sluice. Therefore, the waters that should naturally  be Mr. Vernon- 
scouring the upper  portion of the  tidal  channel were  diverted to 
other places. There  was also in those  days, the  great impediment 
of the outfall, a s  well as  the  very  narrow  and  inadequate  channel 
through Boston itself. The large  projecting quay walls and  jetties 
as he saw them  in 1877  were in a very neglected  state. Then  there 
was the  very  sharp bend through Boston, which  the  Author  had 
proposed to  change by introddcing  what would have been an 
excellent thing for the  river itself-the cut across  it-but that, 
of course, would have  altered  existing  arrangements considerablq, 
and it might  not  have been  acceptable  to the Black  Sluice Com- 
missioners.  Moreover there was the difficulty in  dealing  with  the 
Grand Sluice. The Grand  Sluice not  only provided a very 
inadequate  waterway in flood-time, but also was an absolute  im- 
pediment to the proper flow of the tide,  which in  old days was 
supposed to have flowed up as far as Lincoln. But even in  1877, 
Sir  John Hawkshaw  did  not propose taking  away  the  Grand Sluice, 
as had been  suggested before, he merely  suggested an enlarge- 
ment ; and  at  that  time it was proposed to  increase  considerably 
the sectional  area of the  Witham above up to Lincoln, so as to 
enable it to carry off the flood-waters, because it was thought  that 
it was  practically  almost impossible at   that  time  to  induce the 
Witham Commissioners to  approve of the outfall scheme which 
had  previously  been  unsuccessfully  urged  upon them. If  the 
enlargement of the Grand  Sluice proposed by  Sir  John  Hawkshaw 
had been carried  out,  there would have been 110 feet width of 
opening in  place of the present 81 feet,  and the sills of the sluice 
were all  to be lowered 7 feet;  in fact., the sluice, according to 
hi., proposal, was to  be rebuilt a little  higher  up  than  the  existing 
sluice, and its water-way more than doubled. There could  be no 
doubt as to  the  great  dvantages accruing from the  alteration 
of the outfall. It was an immense advantage  to  the  river  itself; 
but, of course, a great disadvantage to  the  River Welland, that 
river  having previously  had the benefit of the scour of the 
Witham,  which it had  now lost. I n  most of the schemes  proposed 
for the improvement of the Witham,  there were also training- 
works proposed for the  River Wellancl to join it a t  Clayhole. 
He  believed it was want of funds  that prevented the  carrying 
out of the  training-works; these ~ o u l d  be very desirable, in  
order that  the  Witham  and Welland, as  in former  times, but 
i n  a better direction, might  have t,he same outfall. The Author 
had compared the new  channel  with  the Amsterdam canal, and 
the Suez  canal in  section;  but it should be borne in mind that 
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Mr. Vernon- they were for different purposes. The Amsterdam  canal  had to be 
Hnrconrt. made 16 miles long, just sufficient in section for the traffic carried 

through it; whereas the  Witham  outfall was for the  tidal flow 
and  the discharge of flood-water, as well as for navigation. The 
same thing  might be  said with regard  to the Suez Canal, 100 miles 
long, which  was  solely for navigation;  it, however, was  going to 
be widened, so that it would be considerably  larger in section in 
future  than  the  Witham cut. The Manchester Ship Canal,  also, 
would have  a bottom width of about 120 feet. But  there could 
not be  a  doubt as to  the  advantage of the new  cut,  not  merely in  
lowering the low-water  level, but also in preventing the  silting  up 
that used to occur  close to the  Grand Sluice by  the stoppage of silty 
water  brought up on the flood tide,  which  was now said no longer 
to come up on account of the  outfall  channel  being  taken  direct  into 
the deep  wa,ter of Clayhole, instead of meandering  through  sandy 
shoals. Credit was due  to  the  Author for having a t  length carried 
out an oftentimes proposed  scheme, not  on  account of any special 
difficulties in  the work  itself, but owing  to  the  Witham  Drainage 
Commissioners having been at last  induced  to approve, and  raise 
money for a work which  was beyond the  limits of their  ordinary 
jurisdiction, and  which,  whilst of great benefit to the drainage by 
improving  the  capacity for discharge of the  outfall channel,  and 
lowering the low-water  level at  the several  sluices, as predicted in 
previous  reports, might  appear  mainly a work of navigation improve- 
ment,  such as was  usually  carried  out by a Harbour Board. 
I n  spite of the  greatly improved condition of the outfall, the 
enlargement of the  Grand Sluice, and  the increased  section of the 
channel  between the  Grand Sluice and  Tattershall Bridge, he 
considered that  the  land bordering the  Witham  higher up,  nea,r 
and above Lincoln, could not be regarded as secure  from  floods in  
very  wet  winters,  and  that  further works would  be  necessary, in 
continuation of the present  inlprovements, higher  up  the  river,  to 
protect the  Witham basin  adequately from serious inundations. 

1'. Giles. Mr. A. GILES, M.F., Vice President,  said that looking at  the vast 
inlprovement  which had been effected in  the navigation of the 
Witham  by  the new  cut, and  by  the  straightening  and deepening 
of the channel, he could only express his  surprise that  the work 
was  not  undertaken  long ago. It appeared that  the low-water 
level of spring-tides  was  now  within 4 feet of the clock sill a t  
Boston ; and  as  the  rise of a  spring-tide  was 23 feet, it followed 
that  there  was a depth of 19 feet over the sill a t  Boston. That 
gave  a  navigation fit for a vessel  of 2,000 tons, whereas before the 
navigation  was  only  fit for vessels up to 300 tons. It was 
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evident  when  that  improvement was  going on that  the Boston l fr .  Giles. 
people awoke  to the  importance of having  a dock in  their own 
town,  and  they made it in consequence of the  improvement of the 
Witham. Some years ago he was  connected with  the Bill  brought 
into  Parliament for  making  what was called the Boston  Ocean 
Dock. The  navigation of the  river was then so bad, that it was 
thought impossible that it should  ever be  amended. The Ocean 
Dock Bill was lost, and  the Boston  Dock Bill was carried,  and 
he  congratulated  the Boston  people upon the fact. But  the  im- 
provement to which  he  had  referred  represented  only  half of the 
advantages of Mr. Williams’ work, because, in consequence of the 
improvement  in  the  channel,  and  the  capability of lowering  the 
drainage sluices all  through  the  country,  many  thousands of 
acres of land  had  been  saved from  being flooded. Would any 
gentleman connected with  agriculture  say  whatwas  thevalue of those 
acres now,  compared with  their  value  when subject to floods? The 
improvement  would  pay  the  interest over and  over  again on the 
money expended. Although so small  a  portion  had  contributed 
to  the cost of the work, he  thought  all  the  land  that  had been 
saved from  being flooded, in consequence of the  lowering of the 
sills of the sluices, ought also to contribute. Great  credit was  due 
for the  way in which  the work had been carried  out,  and  for the 
smallness of the cost. He remembered the  Witham when the  cut 
was  being made, and  he recollected the  state of the  navigation 
before that time,  when there were  many  feet of mud  against  the 
sill of the Grand  Sluice;  but  during  last summer, the  river 
appeared as clear as could be expected, there being,  perhaps, 
6 inches of mud on the sill, instead of several  feet  as before. The 
question  was one which  was  creating  a considerable degree of 
interest at  the present  time,  not  only in regard to the  Witham, 
but to other  rivers  in  the  country, especially the  river  at Preston, 
where,  he  thought,  a  similar course of procedure might  be followed 
with  advantage. 

two occasions whilst  they  were  in progress. With  the exception of 
the enlargement  and  alterations at  the Grand Sluice, they consisted 
principally of estuary-excavation  and  embankment,  and  were exe- 
cuted,  to a large extent,  by  the  stalwart  limbs of the old English 
navvy.  When  visiting  the works, the  only  apprehension  which 
he  had  as to  their success, was  lest, after  the old channel of the 
River  Witham  had been  filled up  by  the  accumulation of sand, 
owing  to  the cessation of the  planing action of the tidal- and flood- 
waters  consequent on the construction of the new  embankment, 

Mr. H. J. M ~ R T E N  stated  that  he  had visited the works  on one or Mr. Marten. 

[THE INST. C.E. VOL. xcv.] H 
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Mr. Marten. sand  might  then  begin  to  drift round the end of the south 
embankment  into the new  channel. The area  between the south 
embankment  and  the  River  Welland,  in mThich the bed of the old 
channel of the River  Witham formerly  lay, formed at  the present 
time a  comparatively  still-water  reservoir  or  depositing-ground  for 
large  quantities of sand;  and  since  the construction of the new 
bank across the old  channel of the  Witham,  this deposit  had accumu- 
lated a t  so rapid a rate,  that  in some parts, he understood, it reached 
a height of 8 feet above the former level. So long  as  this  great 
reservoir had  still some depositing-capacity left  in  it,  he  did  not 
apprehend  the  sandbank would spread beyond the ends of the  new 
embankments;  but  when  this depositing-ground  was  full, the 
incoming  sand,  having no further room within  the area  indicated, 
must necessarily go elsewhere, and in  that event it would probably 
creep  round into  and be  deposited in  the new  channel, in larger 
quantities  than  up  to  the  present time. The accumulations of sand 
in  the old channel of the  River  Witham were now  commencing 
to  drive  the  channel of the Welland somewhat further to the south, 
away from the mouth of the new  channel,  which  point i t  had 
hitherto passed. The entrance  to  the  new  chaqnel would therefore 
shortly lose the effect  of the scour of the Welland in front of it, 
which  might  have  an  important  bearing on it in  the future. He 
therefore  agreed  that, as  originally proposed by Sir John Hawkshaw, 
the ends of the embankments of the new  channel would in time 
have to  be  carried  a  little  further seaward. From the marked effect 
of the embankments, however, in  lessening the  quantity of sand- 
laden  water  entering the channel, from the much  greater scour, 
and from the  better conservation of the erosive force of the  current 
passing  along the bed of the new  channel, the Author  had  probably 
done  wisely in  not-at least  for  the present-continuing the 
ends of the embankments further seaward. There could  be no 
doubt of the success of the work up to the present  time ; and if a t  
some future period the banks  should  require to be extended, any 
such  extension could be  carried  out a t  a  comparatively trifling 
cost, and  with  the  further  advantage of experience. Any  further 
expense  required  for that purpose  could well be borne, considering 
the  great benefit derived from the new  channel,  both above and 
below the  Grand Sluice. Referring  to this  latter work, he under- 
stood that  the outfall at  the Grand  Sluice  had been practically 
lowered some 8 feet below its former level. This was of great 
service  to t,he large  area of land  drained  by that Sluice, not  only 
from an  agricultural  point of view, but even still more so on 
sanitary grounds, as the lowering of the  outfall 8 feet was practically 
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tttntamount to  raising  the whole of the area so drained  something Mr. Marten. 
like  that  height above previous  saturation-level. T'his meant a 
greater freedom from diseases due  to  damp subsoil, namely, less 
ague  and  fever,  and  fewer  pulmonary  complaints than heretofore, 
with increased length of life and  vigour over the whole of that 
area. 

for thirty yearb. It was one of the group of four interesting 
rivers  which  discharged the drainage  water from a district of 6,000 
square  miles  into the Wash,  and  which  in  fact formed the  outlet 
for the  drainage of the  great  Fen-land of England,  covering an 
area of 1,306 square miles. The existence of that  land was due 
entirely to  engineers, and  its  rivers  had exercised the minds of 
some  of the greatest  members of the  Institution.  The  Fen-land 
was also considered thirty years ago a  splendid school-ground for 
yomg men. He could not  help  joining with  other speakers in  
congratulating the  Author upon having  to  carry  out a scheme 
which  had been desired by  part of the  inhabitants of the country 
for one hundred  and  twenty  years,  and  which  had  been proposed 
more than once by men whose names  were  honoured by  the 
Institution.  He also congratulated  him  upon the successful  accom- 
plishment of the work.. But  he wished  to ask a  few  questions 
upon the subject. It was a remarkable  fact that  in  the  Paper on 
the  Witham  by Mr. W .  H. Wheeler, M. Inst. C.E., of Boston, 
twenty  years ago, also in one published  subsequently, and  in  the 
present  Paper, there  was  an omission of all  tidal observations and 
t.icla1 diagrams. He  thought  such diagrams would be  exceedingly 
useful, and  he hoped the Author would supply them. If  they 
were  taken a t  sufficiently frequent  intervals of time  and space, and 
were  plotted, so as to  show by isochronous lines  the level of water 
during  the flood and on the ebb, he believed it could be  shown 
from the  state of the diagram  what was the cause of the de- 
terioration of the old  channel, and how far  that cause had  now 
been removed. He also wished to ask why  the  Author  had adopted 
a slope of 4 to 1 in  the new  channel. He believed that was the 
slope  proposed by Sir John  Hawkshaw;  but it was  worth  while 
to  ask the question, because, in  the adjacent  rivers, the  oatfalls of 
which  were all artificial, and  had been entirely made by enb'  ameers, 
the slopes were  much  steeper, varying from 15 to l to 3 to 1 ; and 
it was  found in  the fen-rivers, as a matter of  experience, that when 
the  tide  had a  free flow,  ancl the silt which formed the bed of the 
river  was allowed to  arrive at  its own  angle, 3 to 1 was the 
angle of repose. But  there was a peculiarity  about  the  Witham. 

Nr. W .  SHELFORD said he  had been familiar  with  the  Witham m. Shelfonf. 

II a 
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Mr. Shelford. Whereas  most of the fen-rivers ran  through  silt  and sand, the 
Witham  had  a bed of boulder clay. The  boulder  clay  extended 
from  Flamborough  Head  all  along  the  east coast, underlying  the 
silt,  and it was  found in  the bed of the  Witham.  The Scalp, 
shown upon the  chart  and described in  the  Paper, was a  clayey 
shoal ; it had  been cut  through  in  order to  make the new  channel. 
It would  be interesting to  know  whether  the slope of 4 to 1 was 
adopted because the  material was clay, in  the  expectation  that  the 
clay  would stand  without  any  protection in  the way of fascine-work 
or stone ; and also to know  whether it had been  successful. He 
would further  ask  whether it was the fact,  as  stated, that  the  Grand 
Sluice a t  Boston had been designed by Mr. Langley  Edwards. Mr. 
Smeaton  had  always been credited with it, and  his recollection was 
that it was proposed in  a  joint report by Mr. Smeaton, Mr. Langley 
Edwards,  and Mr. Grundy,  in 1761. The Grand  Sluice was the 
characteristic  feature of the  Witham. It was put in, apparently, 
as the  result of a contest  between the  landowners  and  the mer- 
chants, in which  the  landowners prevailed. I n  other words, it 
was a case  of drainage versus navigation,  and  the advocates of 
drainage  had  the best of it. The sluice was 8 miles  from  the sea, 
and  cut off 23 miles of the  tidal wedge, or three-quarters of it ; and 
what was the  result ? There were plenty of instances elsewhere 
which confirmed the  experience  on  the  Witham. I n  the first 
place, the  high-water  line was raised above the level of high-water 
a t  sea. At Boston it was raised 8 inches. That was one  effect 
always  found in  cutting off the  tidal wedge. Then slack  water 
being necessarily produced for some distance below the sluice, any 
matter  in suspension in  the .water  would fall to the bottom and 
raise the bed. That  again raised the low-water line,  and so there 
was  a  deterioration of the  river  set  up  which  went on in an  aggra- 
vated form and  with accelerated speed until  the bore was formed; 
the action  was  then analogous to it breaker on the sea-shore coming 
up,  and  bringing  with it sand  and  shingle  in  its advance, which in 
receding it was  unable to  take  away. A river  like  the  Witham, 
under those circumstances, would silt  up  and be  blocked, were it 
not  that  the  great  fresh-water  land floods kept it moderately open. 
At  the present  time  the  Grand  Sluice remained, and  the  water, 
instead of being  charged  with  silt, came up  comparatively clear. 
Instead of there  being  a deposit of silt  in summer to the  depth of 
11 feet 6 inches, there was, during  the  last  dry year,  only a deposit 
of G inches. The question, however, was  whether  the  channel 
would be self-maintained. It was fouled with  silt before, and now 
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the  only reason why  the  water came up clear  was that  the new Mr. Shelford 
channel  was  cut  through  clay,  and  there was no silt to  bring. I n  
the course of time, the  silt  brought down from the  upper  country 
would, in  all probability,  accumulate in  the channel,  and  the 
question  might  then  arise  whether  or  not  the  channel  would 
maintain itself in  the absence of freshes by  the  simple  action of 
the tide. It appeared  to  him  to be a case of the new broom  sweep- 
ing clean. That was, to his mind,  by  far  the most interesting 
point in connection with  the  Paper.  A  channel  cut  through  clay 
of that  kind must, he  thought, be in  its best  condition  when  first 
executed. He believed it had been  intended that  the low-water 
level  should be lowered by  the works 3 feet at  the different sluices, 
but it had in fact  been lowered 4 feet ; and  any one acquainted 
with  the fens  would  know how very  important  that  result was. 
It was  practically lifting  up  the whole  country,  which was  below 
the level of the sea, bodily 4 feet. 

an  interesting report of a flood in 1883, which  must  have  taxed  all 
the  Author’s  skill  and  energy. It was a serious  responsibility to 
be  in  charge of so large  a  watershed,  during  a  great  rainfall,  with 
the banks of the  rivers liable  to  be  broken  down in  all directions. 
But  the figures  which the  Author  had  given  merely showed the 
results of two  rain-gauges, one at  the Grand  Sluice at  Boston, and 
the  other  at  the  Lade  Bank  pumping-engine,  both  in  the south-east 
corner of the watershed. However, the floods were obviously not 
purely local floods falling  in  that one corner of the  gathering-ground. 
An organization now existed all over the  country for determining  the 
quantity of the  rainfall,  and  he  thought  that  when  engineers  had 
to  deal  with floods they  should  obtain  all possible information on 
the subject. Speaking on behalf of rainfall-observers he wished  to 
say  that  they  were  always  willing to do everything  they could to 
co-operate with  their  engineering friends in  that matter. In  regard 
to  the storm in question,  he thought  that it would  be interesting 
to  give some actual  details of what  had occurred, and  he  had pre- 
pared  a  map  for  the purpose, The  thick  line showed approximately 
the watershed of the  Witham.  He  had  not carried the  line down 
to the sea-coast  because it was stated  in  the  Paper  that  the flood in  the 
Steeping  River  watershed  was so tremendous that some of the 
water  got over into  that of the  Witham.  At Boston and  Lade 
Bank,  the  fall exceeded 3 inches, and at  Skegness 4 inches. He 
had plotted all available records on the map  (Fig. a), and  had 
indicated  by  dot  and  dash  lines  the  areas  over  which  the  rainfall was 

Mr.  G. J. SYMONS said that  the  Appendix to the  Paper  contained Mr. Symons. 
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Mr. ~ymons.  respectively above 1 inch, 2 inches, and 3 inches. This proved 
that the flood to be dealt  with was  not  represented by  the 3 inches 
in  the extreme  corner of the watershed, but it might probably  be 
taken to  be 14 inch or 2 inches. He was anxious to see a little more 
attention paid ta  the relative flow  of water from  large  areas of 
ground. It appeared to  him  that  nearly all the water off the 
gatheringground,  which  did  not evaporate, came down through 

FIG. 2. 

the Grand  Sluice, and  if  that were the case, valuable infornm- 
tion as to  the  actual flow  from that large  watershed could be 
obtained by establishing  instruments at   the Grand Sluice SO as 
to  get a  continuous record of the volume of water  passing 
through it. There would  be the  input  and  the  output from that 
large area,  and if it could be done, all would apee  that   the 
results would be  very valuable. The annexed  Table  contained 
the particulars of the  rainfall  in Lincolnshire  on the 29th of 
September, 1883. 
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Station. Station. 
~~ ~ 

Stamford, hTorthfields 
Bourue;lVytl~nrn-on-the~Hiil . . .  
Long Sutton . . . . .  . . .  
Grantham, Saltersford . . 

Heydour Vie 2.10 / I  Lincoln Waterworks. . .  
Boscn, High Street . 3.10 
,, Grand Sluice . . 3.10 ! l  Horncastle,  Herningby . . 

,, Skcllingthorpe . . 
Leakc, Lade Bank engines. ! 3.57 i Alford, The Sycamores . . 
Stubton (Newark) . . .  1.49 Sutton-by-the-Sea . 
Sleaford, Bloxl~olxn . . .  2.10 1 Lo& . . . . . .  
Navcnby . . . . . .  1.38 I .. Wcstgate . . . .  

1 
i 

SkegueEs . . . . . .  ' 4.31 

103 
7 Mr. Symons. 
Mnfdl.  

Inches. 
2.43 
1.26 
2.88 
1.87 
1-19 
1 * 00 

2.40 
1.69 

2.25 
1-48 
1.37 

Mr. A. C. HURTZIG imagined that  the new  bed of the  river shown JIr. Hwtzig. 
on  the section was the bed of the river  as  originally improved. 
The  Author  had referred to  the  important  fact  that improvement 
in  the  tidal propagation had also improved the  tidal development, 
and  that, consequently, there would be a larger volume passing 
in  and  out of the  river  after  the old outlet  was closed. He should 
have  thought  that  this action of the  tide would  be further  to 
deepen the  channel  which was  originally dredged to  a  certain  depth. 
He also wished to ask why sandstone  had been  used in  the hollow 
quoins of the lock ? Was it on the ground of cheapness ? Rubbing- 
Surfaces a t  important places, as in  the case of hollow quoins of 
the lock-gates, should  be as hard  and  durable  as possible; and  he 
should  have thought  that  the  slight  additional expense of granite 
would not  have been prohibitive,  bearing in mind  the  possibility of 
the gates  getting  leaky  in a few years. He wished to ask, further, 
whether  in on-shore gales there was any tendency  to silt up  the 
entrance?  There  might possibly  be a tendency  to  sand-banks  forming 
close to the entrance,  where they  had  not previously existed. At  an 
early  date a scheme of works  had been contemplated with more refer- 
ence to drainage than to navigation. Since then  the ideas  on the 
subject  had developed, and  there  was nom an important  navigable 
channel for the admission of large vessels to Boston, which  might 
in  future become an  important port. The development and 
improvement in  these  days of a  work  like the  Witham outfall, 
from a navigation  point of view, was of much greater  interest 
to engineers, a t  least  marine  engineers, than  the other  questions 
concerned. 

tion of the flood-tide ? Judging from the indications  presented by 
the outline of the coast., he presumed that  the flood-tide was in  the 

Mr. F. WESTWORTH-SHRILDS asked what was the particular  direc- m-. Went: 
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worth-Sheilds. 
Mr. Went- direction of the  immediate  mouth of the  channel;  in  other words, 

that  the new  channel  had  been so designed as to catch  the flood- 
tide, and so the deep-sea current  entering  the  channel would 
consist of clear  water,  which  would account for that absence of silt 
mentioned  by the Author as a  remarkable  feature in  the case. 

Sir George 
Bruce. 

Sir GEORGE B. BRUCE, President,  said a communication had been 
received from Mr. Duff-Bruce, asking a question  to which, perhaps, 
the  Author would  reply, namely, whether  he  had  any  special 
appliances  for  landing on the  banks  the  material  dredged from the 
river  between  the Grand Sluice  and  Tattershall  Bridge.  The  total 
quantity of excavation,  he  said, on that section was stated to  be 
602,059 cubic  yards,  and the  average cost 9.2d. per cubic  yard. 
Of that, how much  had been spent  in  landing  the dredged material 
on the  banks ? 

Mr. Fvilliams. Mr. J. EVELYN WILLUMS, in  reply upon the discussion, stated 
that no change  injurious  to either  the  drainage or the  naviga- 
tion  had  taken place in  the bed of the  estuary  at Clayhole 
since the completion of the works. The  condition of the  new 
channel  itself  had  actually  ,improved,  a  fact  illustrative of the 
advantage  attending  the  confining of a  stream  within  a  regular 
channel, so as  to  concentrate its scouring action. There was no 
apparent necessity, at  all events at  present, to  prolong  the  banks of 
the new  channel,  and  he  did  not  think  anything  further  in that 
direction  would be required  than  the  extension of the  training 
walls, so as to  keep pace with  any possible  recession of the low- 
water  contour at  Clayhole, and at  the same time  ensure  the  free 
flow of the ebb  current  into  deep  water.  The scour of the  Witham 
was  not  always  advantageous  to the Welland. During  heavy floods 
the  rivers  impinged at  right angles, and  the  Witham,  being  the 
more powerful, turned over the  shifting sands into  the  fairway of 
the Welland,  thereby  choking and deflecting the  stream  in its 
passage to  the sea. Frequently  the  two  rivers flowed through 
separate  channels  into  the  Wash,  and  he  was informed that  the 
drainage by the  Welland  had  not been injuriously affected since 
the opening of the  Witham new  outfall. With a view, however, 
to secure  the obvious advantage of the  permanent and combined 
scour of the  two  rivers  into Clayhole, a clause was  inserted in  the 
River  Witham  Outfall  Improvement  Act of 1880, to  the effect that 
if, at  any time  within  twenty  years  after  the completion of the 
Witham new  channel,  the  River  Welland trustees  should decide to 
form an improved  channel,  from the  point of confluence of the  two 
rivers at  the Elbow Buoy to the  entrance of the new  Witham 
channel in Clayhole, one-half of the cost of such  works  should  be 
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paid by  the  Witham Outfall Board. The  area benefited by  the &h. Williams. 
works  was  certainly  not less than 200,000 acres, and over this area 
the  aggregate cost of the works, described in  the Paper,  represented 
a capital sum of only 21 -2s. per acre. The  large  area affected by 
the works  was  not  only  materially  enhanced in  value, but  the 
owners and occupiers were  relieved of the  anxiety  and loss which 
attended  frequent  and disastrous floods. An ordinary  spring-tide 
in Clayhole rose 23 feet 4 inches, and flowed for five and  a  half 
hours. Before the  opening of the new  channel,  spring-tides 
rushed up to Boston with  a bore 3 feet in  height,  heavily  charged 
with silt,  and flowed for  two hours. On the completion of the 
works,  the bore disappeared  and the  tides flowed gently in  and 
comparatively  clear  from the estuary. Spring-tides now flowed for 
three  hours  and  neaps from four  to six hours, according to the force 
and  direction of the wind. With reference to the slopes of the 
new channel,  a slope of 4 to 1 was a successful and economical one 
in  so exposed a position. It saved in  a  great measure  costly  works 
of protection; the same  dope  had been adopted on the Norfolk 
Estuary  Works  by Sir John  Rennie  and Mr. Robert  Stephenson, 
many  years ago. It was the first time  he  had  heard Mr. Smeaton 
mentioned  as the engineer of the  Grand Sluice, local history 
credited Mr. Langley  Edwards alone with  the work. He could 
bear  testimony  to  the  great  labour  and  care bestowed by Mr. 
Symons in  compiling  rainfall  statistics,  the  perusal of which  often 
afforded him much  valuable  aid. Mr. Hurtzig,  like himself, 
preferred  granite to sandstone ; but no granite  whatever was used 
in  the construction of any of the sea sluices. Quoins of Bramley- 
fall ashlar  were sufficiently hard  and  durable for  such works, and 
their cost was less than one-half that of granite.  The new  channel 
was  designed to catch  the flood-tide, and at  the same time to ensure 
the free flow  of the  ebb  current  into  deep  water.  He  might  state 
in  reply to Mr.  Duff-Bruce that no special  appliances  had been  used 
for landing  the  material  dredged from the  river between the  Grand 
Sluice  and  Tattershall  Bridge.  The cost of landing  the  material 
dredged  averaged 5d. per  cubic  yard. 

Correspondence. 
Mr. P. CALAND considered the  cutting of a new  outfall at  the Mr. Caland. 

mouth of the  Witham to be an  important work of river-improve- 
ment. It comprised at  once the  widening  and  deepening of the 
Grand Sluice above Boston, the  draining of the  lands  formerly 
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